Sustained high-level proviral expression is important for clinical applications of gene therapy. Genetic elements including the -interferon scaffold attachment region (SAR) have been shown to improve transgene expression in hematopoietic cells. We hypothesized that SAR elements might improve expression and allow the preselection of successfully transduced cells. Thus, we transplanted three animals with GFP selected
Introduction
Attenuation of proviral expression is a frequent occurrence after onco retroviral transduction of hematopoietic cells. Modifications in the design of the Moloney murine leukemia virus (MoMuLV) promoter/enhancer can improve transgene expression in the murine model 1, 2 , but not necessarily in the non human primate model 3 . Alternative strategies to improve long-term expression in hematopoietic cells include the use of transcriptional modifiers such as SAR and insulator elements, or other post transcriptional regulatory sequences [4] [5] [6] . SAR elements constitute cis-regulatory elements that appear to create independent domains of transcription 7 . Retrovirus vectors containing the SAR element of the human beta interferon ( -IFN) gene enhance the expression of heterologous reporter genes in T-cells, macrophages, and thymocytes in vitro and in vivo 5, [8] [9] [10] .
The current study investigates if the presence of the -IFN SAR element in an oncoretrovirus vector improves proviral GFP fluorescence in a large animal model and if these improvements may permit preinfusion selection of genetically modified hematopoietic cells to enhance post transplant chimerism. The latter strategy has been used successfully in murine stem cell gene transfer models [11] [12] [13] , but so far not with success in a large animal model 14 .
Materials and Methods

Animals. Baboons (Papio cynocephalus cynocephalus or Papio cynocephalus anubis)
were housed and transplanted under approved conditions as previously described 15, 16 . 
CD34-enrichment, gene transfer and selection of GFP positive baboon marrow cells.
Following 48 hour prestimulation CD34-enriched cells (generated as previously 16 ) were transduced twice for 4 hours in the presence of CH-296 (2 µg/cm RetroNectin : Takara Shuzo, Japan) 16 , Interleukin (IL) -3, -6, rhSCF, rhG-CSF, flt3-Ligand (Flt3-L), and megakaryocyte growth and development factor (MGDF) at 100 ng/ml. Cells (10 x 10 6 )
were exposed to a total of 60 ml volume of vector per flask resulting in a MOI between 0.1 and 0.3 in all three animals. Cells were sorted by flow-cytometry 36 hours after the last vector exposure according to EGFP or EYFP expression as previously described 3 .
Real-time PCR assay. For PCR amplification of provirus, DNA (300 ng) was amplified in duplicate with sequence specific primers and probes designed using Primer Express For personal use only. on October 23, 2017. by guest www.bloodjournal.org From (Applied Biosystems, Branchburg, NJ) on the ABI Prism 7700 sequence detection system (Applied Biosystems) using the following thermal cycling conditions: 50°C for 2 min and 95°C for 10 min, followed by 40 cycles of 95°C for 15 s and 60°C for 1 min.
Results and Discussion
Reinfusion of preselected, GFP expressing CD34+ cells delays hematopoietic reconstitution. Table 1 Preselection results in high short-term gene transfer. Gene transfer was variable among animals, and we found no evidence that the overall gene transfer rate or the ability to select for transduced stem cells is affected by the presence or absence of SAR elements or the GFP variant 5, 9 , Fig. 1 a/b. We determined overall marking at 4, 13, and 18 week follow -up time points by FACS to be: M00081 67/0.3/0.2%, J00116: 17/23/24%, and T00024 11/3.8/2.7%. Long-term gene transfer rates in two of these animals (not J00116) appeared to range below those previously attained without preselection 16, 18 . This is unlikely to be accounted for by silencing or immunologic clearance given the correlation of transgene expression (marking by FACS, Fig. 1 a) Findings of improved proviral expression from SAR-containing vectors are consistent with observations by Mielke and colleagues who located highly expressing proviral integrants in the genome in close proximity to SAR elements 24 . Thus, the use of SAR elements may provide for improved stable expression from a single copy proviral integrant. It is noteworthy that alternate positioning of the SAR element as described by
Hawley and colleagues may have additional safety benefits while maintaining improvements in expression.
25
In conclusion, we propose that SAR-mediated high-level transgene expression may provide an attractive strategy to improve long-term proviral expression, obviating the need for multi-copy integration and thus reducing the risk of mutagenic insertion 26 .
SAR elements should be considered for the design of improved stem cell gene therapy vectors. Animal designations are noted.
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